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This report consists of the Ph.D. thesis of Janies Gary Eden 


and represents the considerable work we have done on optical absorption 

and flashlamp pumped fluorescence studies in high pressure Cesium- 

Xenon mixtures. A thorough analysis is made of the excimer systems 

2 2 

formed by the coinblnation of excited Cs(7 S,5 D) and Xe and their 
potential application to CsXe laser systems. The modeling of such 

! 

\ 

laser systems forms the basis of our continuing research in order to 
obtain an optically pumped rare gas-alkali vapor excimer laser. 

The appendix referred to in the report has already been 
reported to NASA in the Semi-Annual Progress Report dated 1 November 
1974 and so is not repeated here. 
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I. INTRODUCTION 


Currently, there is considerable interest in developing 
high efficiency, energetic lasers for such diverse applications as 

laser induced thermonuclear fusion, isotope separation and optical 

i ■ ■ - ■ 

I ' 

poWer transmission. In particular, due to the continuing need for a 
pljentiful, inexpensive energy source, thermonuclear fusion constitutes 

i 

pejrhaps the most attractive application for such lasers. However, 
the criteria demanded of these lasers are stringent: 1) output 

powers of 'V' 10 - 10 watts on nanosecond time scales, 2) effi- 

ciencies ^ 30% and 3) operating frequencies in the visible portion 

j ■ • ■ ! 

oi the spectrum. Unfortunately, lasers supplying these qualifications 
do not presently exist. For instance, both the CO^ and CO lasers, 

4m 

while exhibiting excellent efficiencies, operate at infrared wave- 
lengths (•■v^ 5 “ lOu) and do not presently produce sufficient energies 
to efficiently initiate the thermonuclear reaction. 

For several years, a new class of diatomic molecules that 

promises to yield lasers with the desired properties has been under 
I ■ ' ' 

extensive investigation. These molecules are cljaractei'i iuul by a 

repulsive, gnnind state and at least one bound excited encrs’.y .U>vcl 

(cf. Fig. 1). Transiti oas in such v'cakly boun'! iiiulccuio:; are 

p|osslble. from this bound state to gi'e.and where railnscMiuisiL d i s:a'il;iLion 
• , -13 

of the iuolocu.To occurs in v 10 se.c (1 vibrational period). CK'arly 
then, the repulsive gri>uiul stal e f.ie.il i La U s- ubtajuin;', stimniatiHl 


■ 
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emission from these molecules since only small excited molecular 
state densities are necessary to obtain a population inversion. The 
magnitude of the threshold cxcimer density is, however, strongly de- 
pendent on the contour of the ground state potential. 

Therefore, it is conceivable that large laser energy output 

^ATOHTC 

at high quantum efficiency (— ) is attainable in these 

j ^MOLECULAR 

molecular systems if the necessary population inversion can be 

realized. Also, as may be seen in Fig. 1, population inversion 

between the molecular excited and ground states is possible for 

various interatomic radii which implies the possibility of obtaining 

laser output that is tunable in wavelength. Molecules, such as those 

described above, in which stimulated emission has been obtained, are 

known as excimer or dissociation lasers. 

Dissociative lasing was first suggested by Houtermans^ 

in 1960 and was originally observed in Xe^ (see refs. 2-4). Sub-? 

sequently, stimulated emissioiV has been demonstrated for several 

Other rare-gas homonuclear molecules,^ the Xe 0 and Kr 0 systems^ 

7-9 

and for the rare gas - monohalidc molecules (such as Kr F) . 
Unfortunately, the maiority of xhese molecules lasc In the vacuum 
ultraviolet (VUV) portion oil the spectrum wlucli is unciesiralile for 
most interesting applications ro.<iui ring hip,h energy l.isers. 

A famiiy of molecules having: 1) the elecLronie e.nerp,y 

level coaflgufaLlon neces.sary for dissoci alive lasing and 2) energy 
level separations in the. visible regi ''‘0 are the alkali-rare ga.*; 

original PAGE B 

OP POOR QUAUTSl 
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molecular systems. Phclps^^ has calculated the stimulated emission 
cross sections for the A II -> X Z transitions for several of these 

molecules; also, by performing low level excimer fluorescence 

i ’ . ' ' 

measurements. Hedges and co-workers^^ have deteriuined the potential 
energy level diagrams for the Cesium and Rubidium - rare gas 
iriolecules. However, presently little is known of: 1) . the collisional 
rates responsible for the formation and destruction of the excited 
alkali-rare gas molecules or 2) which excimer states might prove to 
be the most attractive candidates for lasing. It has, therefore, 
been the purpose of this work to investigate which excimer states are: 
most promising and those physical mechanisms which are: crucial to 
obtaining population inversions in the alkali-rare gas molecules. 

The important rate processes are shown in Fig. 2. The 
atomic state A is pumped (optically or through electronic collisions) 
directly or indirectly through cascade from higher - lying energy 

■| if 

levels. Formation of the (AB) excimer then proceeds by way of 
three-body collisions. That is; 


A +21V -> (AB) d- B + KE 


where the third body is nece::sai,y to stah 1 I i au the excimer in a 
luHind vibrational stijto* Rnowlcilge of the mai'.n I fude of t:lu‘ rate 
is important since the three body collision process li mi ts the 
number of exci me i:r. formed per second. Thus, this rate is crucial in 
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Fig. 2. En^gy level diagram for the molecule A3 Showing the 

processes important in creating a prospective dissociati 
laser. 
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asacsying Lhc* viability of olitaliiing stimulated emission from the 
alkali-rare gas molecule of interest, (rxperi iiK'iits that have been 
performed to determine the formation rate of the Na Ar excimer are 
described in the Appendix). Another excited atomic specie decay 
process which seriously limits the maximum attainable cxcimer popu- 
lation is atomic spontaneous radiative decay. It is surprising, 
then, that the majority of present investigations of the optical 
properties of the alkali-rare gas molecules have concentrated on 
utilizing low-lying alkali P states to form the alkali-rare gas 
cxcimer. Such states may be undesirable due to their short radiative 
lifetimes nsec) . However, this work summarizes the optical 
properties of excited states in Cesium-Xenon mixtures that are 
characterized by relatively long radiative lifetimes and, therefore, 
may be much more promising as potential laser upper levels. Figure 3 
shows a partial energy diagreun of Cesium. (Cesium was chosen 
primarily due to its large vapor pressures at moderate temperatures). 

In the past, investigators have looked almost exclusively at the 

* 2 

Cs-rare gas cxcimcrs formed by perturbing the Cs (6 P. .> ) states 

1 2 /2 

with a ground state rare gas atom. These atomic states arc con- 
nected to ground by fast radiative transitions at 3521 and 8944 J? 
wlilcii limit the. nuiximum cxcimer density attainable due to depletion 
of the excited alkali ait»mic species. Uowtjver, note that tlic 
Cs (7 S and 5 U) -+ ground atomic transitions (shov^n by dashed lines) 
are nonaally forblilden due to violatI«m ol quantum-iiK chanical 
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selection rules. Observations to be described later demonstrate that 
the addition of high pressure Xenon to the Cesium permits these 
transitions to occur. Tlie lifetime's of these "quasi-forbidden" 
transitions are considerably longer than for tlic normal P-S tran- 
sitions and so better energy storage and population inversion con- 
ditions may well be possible in such systems. 

Although several observations of absorption and emission 

on "forbidden" rare gas - perturbed alkali transitions have, been 
12-15 

reported, only recently have alkali S -► S transitions been seen 

* 2 

in fluorescence. Upon exciting the Cs (7 P) level with an argon-.>on 
16 2 * 

laser, Tam ct al observed intense [Cs(7 S)Xe] molecular emission. 

2 * 

In tliis paper, extensive measurements of the (Cs[7 S]Xe) 

2 ^ 

and (Cs[5 D]Xe) molecular absorption spectra in high pressure 

Cesium-Xenon mixtures arc reported for the first time. In addition, 

f lashlamp-puinped fluorescence profiles for these long lived 

(t > 1 jjsec) molecular states are presented. In particular, the. 

2 * 

(Cs[7 S]Xc) molecule is found to be attractive as a potential dis- 
sociation laser due to its largo dissociation energy and stimulated 
emission cross-section, (o 'v 10 cm'"). As a result, low threshold 

population densities li.ivo been c;t I eul .ited for this syi;t»Mii. Section 
111 discuiises the cxporiiiieiit.il api>aiatus itl i I i /.otl to moasuio ib.o 
Cs-Xe absorption and em! sis ion sp«'c t I'.i . Typfc.’il dat.i runs and tlu*i» 
interpi etal Ion in terms of a pi>ssil)le C::Xo o.'.cinu’r lasor are pi i*- 
stMited in Section IV. Finally, Heel ion V suni!i.ir f xes the lesulis .m«l 
Eugge.st}! possible areas for further work. 
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II. EXPERIflENTAL APPARATUS AND TYPICAL DATA 

The experimental apparatus used to obtain the CsXc absorption 
and fluorescence data is shown schematically in Fig. A. The pyrex 
absorption tubes were nominally 15.7 cm long and 2.5 cm o.d. and 
incorporated fused windows situated normal to the tube's axis. 

These tubes were chemically cleaned, evacuated to “v- 5 * 10 ^ Ton* 
and heated under vacuum to insure that the walls were adequately 
outgassed. Subsequently, they were filled with doubly distilled 
Cesium and research grade Xenon (99.995% purity) and then sealed off. 
High Xenon pressures in the absorption vessels were attained by 
filling the vacuum system manifold with Xenon and iran«diately con- 
densing the gas into the tube using liquid nitrogen. The tube fill 
pressure could then be computed using the ideal gas law, knowing the 
ratio of the manifold to absorption tube volume. Uncertainty in 
this ratio is responsible for an estimated 20% error in pressure 
de termination. 

The Cs-Xc filled vessels were then placed at the center of 
a highly polished double elliptical cavily. This cavity was con- 
structed so that ti>e center of the cavily coincided wilh one of the 
focii of each of the two ellipses. At t!u* other foi’us of each 
ellipse was mounted a iiigli intensity ('x- 1.5 output/lamp) watei- 


cooleil linear Xenon fla.shlube. 
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Tlic electrical circuitry rcHponsiblc for dclivcrinE a fast 
rise time, hicl* voltage pulse to the flashtubcs is sliown in Fig. 5. 

This system was comprised of two separate componei\ts: 1) the higli 

voltage pulse and 2) simmer circuit. The siranjc'r circuit's sole 
function was to maintain a low-level ('v* 25 ma) DC arc in the flash- 
tubcs. Such an arc reduces the voltage necessary to fire the lamps 
and cniianccs flashlamp radiative output repeatability.^^ An 800 
nsec rise time, 5 Msec 15 kV, 'v 600 amp electrical pulse was 

generated in the pulse circuitry by discharging a .1 pf capacitor 
through an EG&G sparkgap. The triggered output of an ECf:G TM-llA 
pulse unit was employed to activate the sparkgap. Finally, the 
8020 vacuum diode prevented the 600 Amp pulse from entering the 
simmer circuitry. 

ITic Tektronix 514 storage oscilloscope (operated in the 
single sweep mode) served the dual purpose of triggering the EG&G 
TM-llA unit and of observing the CsXe fluorescence waveform. The 
use of the storage capabilities of the scope to display those wave- 
forms made it possible to record the fluorescence peak amplitude 
(arbitrary units) as a function of wavelenglh. 

For absorpt ion mca^•lUreIllenL!•. , a slaudai i! tunp, Men ribbon 
lami« was used as the l)rt)ad baud sourre. At Let coJ 1 i iiut i on , the 
lamp radiatiim was meehanicall y choi>ped ln*lo>»- entering, the .»b:n*r|'i I on 
lube. The. rottu 1 1 i np, CsXe absorpt ion speetrum v»ms dispi’rsetl by a 
Meath EU-70D nutnochroinalor and delected by an K(‘.\ C310J4 photo- 
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null Llplicr . AcLual data wau olitaincd by scanning the monochromator 
and record Lnc the synch ronou:; ouLpuL of u PAR MR-8 lock ~ in 
amplifier utilizing a strip-chart recorder. (The wavelength resolu- 
tion of tlic detection system, includinfi the effect of the electronics, 
is shown in Fifi. 4). In this way, spectrally resolved absorption and 

fluorescence profiles were generated for the CsXe energy levels of 

2 2 

interest. A typical set of absorption data for the 6 S -► 5 D 
transitions in Cs-Xe mixtures is shov/n in Fig. 6. Data sets similar 

A 

to this for various Xenon and Cesium densities vcve converted to 
absorption coefficients using the equation: 


a(X) 




1-out ^ ^ J 1 
lin(X) J 


cm* , 


where L is the absorption tube length (15.7 cm). The repeatability 
of this absorption data is displayed in Fig. 7. The absorption 
coefficient, f(>r fixed Xenon and Cesium densities, is plotted versus 
wavelength for three superimposed data runs. Fluctuations in the 
data are < 25% for all wavelengths. Also, due to careful calibration 
of the monochromator against known atomic transitions in the spectral 
regions of interest, uncertainty in tlic detection wavelength is 


+ 1 X. 


* 

Rnowinj; the absorption tube temp<;rature (iiK*asured using chromel- 
aiuniei thernk'coupl.cs) , the Cc'sium dc'nsity was inferred from the vapor 
prcs.'ture curves. 



r 1 IS -3 

1 Xe |~ 4X10 cm 

«. J 



0 0 

ig. 6. Typical 6~S -> 5“D absorption data sho^’n for varices 3 «s_ 
tanperatures (e.g., Casiunj densities) for [Xc] 4 • 1Z~^ 
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III. KXPKRIMENTAL RESULTS AND DISCUSSION 


A. Absorption and Fluorescence Spectra Of The ( Cs[5 D]Xc) Molecule 

Figures 8-10 display the Cesium density dependence of tlie 

2 2 

absorption coefficient for the Xenon-perturbed Cs(6 S 5 D) tran- 
sitions. These nieasuremcn l s wore conducted for three constant Xenon 

19 -3 

densities in the range [Xe] 'v 3-5 * 10 cm (1~2 atmospheres at 

room temperature) . An unusual feature of these absorption profiles is 

a "shoulder" situated to the blue side of both the 6849 and 6895 S 

lines, the onset of which is very sudden and is roughly independent 

of Cesium density. (This feature is particularly noticeable at the 

lower Xenon densities). The energy separation between the shoulder 

and atomic line center for both of these transitions is about 25 - 

30 cm ■*■. Thus, this observed blue shoulder may be interpreted as 

due to transitions of weakly bound ground state CsXe molecules to 
2 

the 5 D Cesium atomic states. Tliat is: 

CsXe + hi/ Cs' Xe . (2) 

Absorpliou char.ielej isti cs simil.ir to lliose observ»*d hei e h.ivt* bei'u 

roctMitly reported li>r llie he l o rcnuicl ea r raiv ga.s moleeules (sueh .is 

18 

XoAr) by Freeman and co-v«rorki* is . It is int I'resi i up. tliat they have 
intcMpre ti'd their results in llu’ s.aim* VvMV as piissenteil here. Th i :: 
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Is also consistent with the work of Hedges, Druimiiond and Gallagher 
who have expo rinicn tally determined tiie binding of the CsXc tuolccule 
to be < 100 cm”^. Therefore, these molocuJar -► excited atomic 

transitions originate at the lowest vibrational states of the weakly 

bound CsXc molecule. This accounts for the rapid onset of absorption 

as the 6849 X transition is approached from the blue side. 

At low Xenon densities, absorption at the forbidden atomic 

lines grows rapidly with increasing Cesium pressure and eventually 

dominates the spectra. However, the emergence, of the so-called 

"forbidden" red satellite becomes obvious at the higher Xenon 

densities. Such satellites have been reported for several alkali- 
12-15 

rare gas mixtures but, to our knowledge, this is the first 

2 2 

report of such satellites on the 6 S 5 D absorptive transitions 

in CsXe. These satellites are analogous to those found previously 

19 

for allov;ed S P transitions of the rare gas perturbed alkali.s 
and peak A - 5 X to the red side of the forbidden atomic tran- 

sitions. Although there is debate as to the origin of those 
satellites, it is generally thoug.ht that they arise wlicn the ciuTg.y 
difference betv/een Liie upper and lowi*r muloculaj' potential curve:; 

is iiuK'poiuleiU of radius (i.e., {V (li) - V, (11) ) This 

dr u 1. 

condition loads to a singul.iiily in the 1 1 iioi »*;;eeiue S|>eitium 
which i:; subseinuMi I 1 y siiuK'tlu‘d by Doppler i-llocL:;. Al the lii>’.he;.t 
Xenon diMusillo:: invi-sl i gaieil in lho:;o c;;p<‘ i i men t s , tin* re*l sa t e I I i 1 1 ‘:; 
are tlie mo::t con:;pi okmi:; l iMliM e:: ol the spi'ct ra. 
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Xenon pressure dependent absorption spectra for tlie 

2 2 

6 S '> 5 D lines are shown in Fig. 11 for a fixed Cs density. A 
broad molecular continuum associated with the forbidden atomic 
transitions emerges at higher Xenon densities, extending 200 - 
300 X to tlic red side of the forbidden atomic transition. This 

A 

spectral feature is associated with transitions to [CsXc] and is 
the most important feature of these spectra relative to possible 
laser applications. 

2 2 

Atomic line absorption on the "forbidden" 6 S -* 5 U 

6 20 2 1 

transitions in the presence of Xenon is collisionally induced. ’ ’ 

2 2 

Ordinarily, the S -► D electric quadrapole transition probability 

is insignificant. Howe\er, collisions of ground state Cesium and 

Xenon atoms cause the overlap integral of the ground and excited 

state wave functions (i.e., electric dipole moment) to assume a non- 

2 

zero value. Thus, optical transitions between the Cesium 6 S and 
2 

5 D states become allowed and are characterized by a transition 
probability A which is directly proportional to the Xenon density. 
That is. 


A 




(3) 


where k is tiu* col 1 islonal 1 v liuluced emission co».*f I ic lent in 
o 

3-122 -1 

cm -sec , A is the 6 S * 3 1) transition prohah I 1 i l y in see 


anil 
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-3 

[XeJ is the Xenon density expressed in cm . To determine from 
the experimental absorption data, the absorption equation is solved 
to obtain an expression for the atomic spontaneous radiative rate. 
That is: 


a ( X ) 



jL iu 

Sir Ql 



g(X) A 


(4) 


may be rewritten as 


A 


a Stt Ql 

[Cs] X^ 


Ai/ 


(5) 


where g, are the. degeneracies of the ground and excited atomic 
L y U 

states, respectively, and the obeerpt-on line shape has been related 
to the inverse of the linoshape's half-width, Av. Using Eq. (3), 
relation (5) becomes: 




3 -K 

m - sec ) 


8jr_ _£ l _ 
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Figure 12 depicts the linear variation of u versus Xenon 
density ([Cs] 'V' 10^^ cm ^), as derived from Fig. 11, for 'the 6849 X 
transition* The slope of this line is associated with the col- 
lision induced emission coefficient which (from Eq. (6)) was deLer- 

. j 3 -1 -) 

mined to be k 'v 3 • 10 cm - sec , (5 D 
o 

was estimated from the low [Xc] absorption spectra to be approxinutely 
20 X. Setting [Xe] *• 5 x 10^^ cm collisional lifetimes on the 
order of 0.7 msec are obtained for this state. Clearly, then, loss 
of the 5 D excited state population due to collisionally induced 

radiative transitions to ground is negligible when compared to 

' 2 22 . . 

radiative losses to the 6 P levels (x nsec) . A similar analysis 

2 2 

for the Cs(5 -> 6 Si ) transition was not carried out since the 

3/2 ^/2 

absorption coefficient at 6895 X sho\m in Fig. 11 includes a con- 
tribution due to the red wing of the 6849 X line. This additional 
absorption causes the 6895 X absorption coefficient to deviate 
significantly from linearity at the higher Xenon pressures. Also, 

applying the absorption equation to far red wing absorption, the 

2 * 

spontaneous radiative lifetime, x, for tlic (Cs[5 D]Xe) cxciiner was 
deterniincd to be in tlie microsecond regime. 

The lu'ar red wing absorpliun coefl icient of the 6849 ami 
6895 X forbiddiMJ lines varii?.s approximately linearly with Uie pro- 
ducl of the Cesium and Xem*n den.*: i lies a:; shown in I'igs. 13-15 lor 
several Xenon pres^:ure^;. Here the absorption coellieieni spoi l ra, 
normajiaed to both ((^s] and ( Xe J-^over lap for 6900 'v A "v 6950. 
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This behavior is typical of unbound molecular absorption. However, 
at the highest Cesium and Xenon densities studied (cf. Fig. 15), 
the far red wing absorption deviates signiflcaixtly from linearity. 

This suggests that these far wing transitions arc occurring between 
the (CsXc) excited molecular state and a strongly repulsive portion 
of the ground state, lliis conclusion is best illustrated by Fig. 16 
where an energy diagram for a typical ground molecuJar state is shown. 
The CsXe ground state density at an interatomic radius, R^, is given 
by; 

[csXe] (Ro) ~ 4 7T dR [cs ] [xe] cxp(-~} • 


Therefore, any temperature rise in the system will initiate a 
significant increase in [CsXc] at through the Boltzmann factor 
and by directly affecting the [Cs] term. Note also that [CsXe] 'v- 
[Xe]; hence, the deviation of a/[Cs][Xe] from linearity is more 
pronounced at the higher Xenon densities. Finally, since the 
absorption coefficient is. directly proportional to [CsXe], we con- 
clude that large changi's in 77 ; — — T *^*^’*' increasin}’, Ce::iuui di'H- 

[LsJ [XeJ 

sities reflect the fact that a rapidly p.rowin}’, miiuber of CsXi- moU-cnle 
are available at R^ to undergo absorptive transitions. We inter I n*m 
the preceding .trgnmen I s that llu'.se f.ir wing, optical transitions 
originate at a .strongly repnlr.ivi* pi>rtion of tlie g.ruiiiul .sl.ile. 


ORIGINAL PAGE 13 
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The spectrally-resolved f lushlamp-puinj)ed fluorescence and 

2 * 

absorption spectra for (Cs[5 D]Xc) molecules is shown in Fitj. 17 
([Xe] 'V' 5 *10^^ cm [Cs] “v 10^^ cm ^) . Clearly, peak molecular 
emission does not coincide in wavelength witli maximum absorption. 
There are several interrelated explanations for this phenomenon. 
First, at the Cesium densities employed in this experiment, the 
gaseous medium is not optically thin; hence radiation trapping in 
the near wing of the atonic lines is significant. Also, as men- 
tioned previously, due to the repulsive ground state, absorption 
occurs primarily at large interatomic radii compared to tlic excimer 
emission. To estimate the contribution of these effects to the 
emission profile, we utilize the arguments of Phelps^^ to calculate 
the excimer fluorescence profile using previously given absorption 

data and the theoretical CsXe potential energy curves of Pascale 
2 A 

and Vandcplanque . From Phelps* semi-classical analysis, the 
emission spectrum 1(A) may be obtained from the known absorption 
spectrum, a(X) , by the relation:^^ 


he 


f |avJ i-|av,1 
1 Fr f 


(ii) 


I (X) 


a (X) 



( cm 


32 


i 


CsXc 


5X10^ 


4 




0 


O o 


G S - 5'D 
L^xperirnontal 

Absorption and 
Emission Spectra 

r 1 «7 -3 

[Cs] 10 cm 
[Xe] ~ 5 X 10 cm 


_ RELATIVE 
EMISSION 



ABSORPTION 


^Oo®o 


Oo 


.1 J 

6000 



K i j' . J 7 . I 


I’ lot of jjli.sorptioa coo f T i «: ic-nt jnd nrlativc cmlf;slon Qpcctr.i 
(O^S ' 5^D) lor [C.i] lo’'' cm"^ .iiul [Xe] 5 * 10^*' cm” . 



33 


vrtierc and arc the upper and lower state population densities, 

respectively, and AV , AV and X arc defined by the equations: 

U Ld 


AV^( Ro) = V^j(co) - V^j(Ro) , 

(9) 

AVl(Ro) = Vl(Ro) - V^(oo) = V^(RJ 

and 

Vu (Ro) - VJRo) = • 

Once I(X) has been calculated from a(X) using the 
potential energy curves, we must account for the effect of trapping 
of the fluorescence (cf. Fig. 18). The spectrum I(X) (given by 
Fq. (8)) is emitted from the differential tube length dx and is 
located a distance x from the end of the absorption tube. Tliercfore, 
the actual fluorescence spectrum emerging from the tube is given by: 


x'(X) 


J I(X) e>;p|-a(X)x| dx 
x = 0 




where L 


absorption tul>e li’iip.t h »- lb. 7 cm. 


i:i|n.t t i on:: (8) and (10) 
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havt* been cvalu.iLfd usiny absorption data j.;lvcn previously and the 

results are displayed in Fij*. 19. Also shown arc the experiuientally 

22 17-3 

measured 6 S »■ 5 D absorption aiul uinisslon spectra ([Cs] *>-10 cm , 

19 -3 

[Xe] 5 * 10 cm ). It Is clear that althou}’,h the emission spectrum 
I"(X) is slitjhLly shifted to the rod of peak absorption, the theo- 
retical and exper jiiKrntal fluorescence maxima do not coincide. Tills 
may be explained through careful scrutiny of the absorption and 
emission processes (see Fig. 20) . 

The molecular absorption coefficient is proportional to 
the product of the ground (lower) state density and the quantum- 
mechanical matrix element describing the overlap of the lower and 
upper energy state wavefunctions. This matrix element is defined by: 


>-> 



= I '■V 


( 11 ) 


where : 

'I' is tlio lower state wii ve fund ion , 
is the upper state wavefunction , 
p is the. dipol«; monu-nt of tlie transition 
and dx is a dif forenti ;iJ clement ol real space, 

llencf, we can roughly exprera; the absorption coefficient u(\) as: 


a (X) ~ Nl(E ) (u| /X 1 l) 


( 12 ) 
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where again E - E ■ t— . Obviously, the matrix element varies 
U La 

depending on the upper and lower states of interest. Secon«lly, 
please note that since the wavefunetJon product is integrated over 
real space, tlien the magnitude, of this matrix element is inherently 
linked to the volume of real space occupied by the upper state 
vibrational level wliere the absorptive transition terminates (ti^hich, 
incidentally, is proportional to the density of states available to 
a CsXe molecule absorbing a photon) . Also, the absorption measure- 
ments in these experiments were conducted under quasi-continuous 
conditions, insuring that the molecular and atomic ground state pop- 
ulations were in equilibrium. We conclude, then, from Eq. (12) 
that absorption under these conditions favors high lying vibrational 
levels of the upper molecular state, i.e., the largest number of 
available states for the transitions. Hence, the majority of the 
absorption occurs at wavelengths in close proximity to, and to the 
red side of, the atomic line. 

In contrast, emission mcnsuremi-nts wore carried out over 
short time scales (i.e., non-equilibrium conditions). Of particular 
significance arc vibrational- trauslattoual(V-T) colli.sions which 

it 

deactivate vlbrat tonally excited (CsKo) molecules. That is: 

-#■ 

[csXc(v)] + Xc [csXc(v')j I- Xe + AE (i3) 

whore v > v". The V-T do.iel I vat i t'li rate may hi* estimated Itoiii huowu 



y) 


25 26 

V-T energy exchange probahll Itics ’ lor lighter mulcculct; such 

20 “3 

as and CO. For [Xcl 10 cm , the estlmatetl V-T dc-cxciiai ion 
rate is 'v* 2 • 10^ sec yielding vibrational lifctlraoH of 50 - 

•k 

100 nsec, whicli is expected to be a generous upper limit for (CsXc) . 

Clearly, these lifetimes arc smal] compared to the spontaneous 

radiative lifetime of the excimer ('\< usee). Tlu^refore, a vibrational ly 
'M 

excited (CsXe) molecule that is newly forrac‘d by the optical pump 

will rapidly undergo vibrational de-excitation collisions, causing 

the excited molecular population to be concentrated in low vibrational 

number quantum states. As a I'esult, the bulk of the excited molecular 

emission takes place from low-lying vibrational states to ground and 

thus is representative of the diriribution of occupied states within 
k 

the (CsXe) molecular well. 

In sumiuary, then, the equilibrium absorption process 

* 

emphasizes transitions from ground to high-lying (CsXe) vibrational 
states, requiring the absorption of near win g photons; whereas, 

k 

since the V-T de-excitation lifetime is short compared to the (CsXe) 

* 

state's spontaneous lifetime, then ncwly-formtul (CsXe) molecules 
tend to vibrationall y collapse to low lying vibrational levels and 
subsequently r.idiatt*, yielding fa r vin p. photons. Umler ll:e comliiit)ns 
of our experiment, Lhenifore, one would expect (he emii.uion speelinm 
to be relatively narrow and displaeetl ti' wavelengths lo the ri*d ot 


peak absorption. 
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* 2 

Figures 21 and 22 display tlicse (CsXc) 5 U emission 
profiles as a function of Cesium and Xenon density. Nule that for 
a fixed Cesium dcn.sity, increasing the Xenon pressure modifies the 
spectrum shape markedly due to equilibration of the molecular well 
(cf. Fig. 21). Yet, as expected, increasing the Cesiura density for 
constant Xenon pressure has little effect on tlie emission spectrum 
shape. 

B. Spectra For The (Cs[7^S]Xej t* Molecular State 

The absorption and relative emission profiles for the 
(Cs[7 S]Xe) molecular state are shown in Fig. 23. In this case, 
dominant absorption occurs at 'v 5723 R, over 300 X from the atomic 
transition at 5395 i?. This point, in conjunction wi th the fact that 
the far wing absorption closely follows the measured fluorescence, 

indicates that we are observing transitions connecting the bottom of 

* 2 
the (CfXe) molecular well with ground. In contrast to tl»e 5 D states, 

2 

the 7 S excimer far wing absorption profiles do not change signifi- 
cantly with varying Cesium density (i.e., temi>eraturc) as slnwn in 
Fig. 24. When these spectra are normal i r.ed to the Cesium density, 
tijey overlap within 20", as shown in Fig. 25. (Tliis error hei'oiu's 
notJceahlo only at lo\<^ Cesium deiu>ilies atul arises due to the dil- 
flculty in accurati*ly measuring small cli.inj’.es in pi'icentap.e 

absorption). It is lor tliis reason that we were iinahle to me.isuii* 

19 -3 

5723 A absorption at Xenon densities lov;er tlian 5 * H) cm 
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nicri'fori*, normalization of tlioso profiles to the Cesium 
dcMisity siuii'.csts tliat tlie 5723 R - contered iiKslecular band terminates 
on a portion of tlie {jround stale that is not strongly repulsive. 

Combininfi the conclusions implied by the data of Fics. 24 and 25, the 

* -1 
(CsXe) molecular well depth is approximately 1002 cm “ .132 eV. 

Fluorescence data, similar to that previously shown for the 

(Cs[5^I)]Xc’$ state, is displayed in Figs. 26 and 27. Once again, 

varying tlie Xenon pressure affects the amplitude and shape of the 

emission profile in a greater way than docs varying the Cesium density. 


. 2 * 

C. Discussion of (Cs[7 S]Xe) Data 

Due to its large molecular well depth and long radiative 
2 * 

lifetime, the [Cs(7 S)Xe] ->• ground excimer band is attractive as a 

prospective candidate for dissociation lasing. In the discussion 

to follow, parv^meters that arc essential to determining the feasibility 

of lasing in CsXc are evaluated. Given the experimental data and 

conclusions presented above, the collisional and radiative rates 

* 2 2 , * 

tliat are critical in de-populating the Cs (7 S) and (Cs[7 SJXe) 


states have beint estimated ;ind are shown in Fig. 28. The processes 


considered arc: 1) three-body 

If 

* 2 f ? * 

[Cs (7 S) + .Xe (t;ti[7 S]Xe) h 


V N* 4 r . • 11»27 

(CsXe) excimer formation 

Xe]; 2) atomic transitions to 


low lying F stati*.*;; 3) col 1 isional ly - Induced atomic f luoresct*nce 


and 4) excimer spontaneous radiation to the molocnlai ground state. 
Tlie tlirt’o-botly excimer formation rate siiown is that determined fur 
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•*32 6 —1 

RbXc by Carrington and Callaglier to be ■ 8.2 * 10 cm - sec 

28 

From earlier investigations and our studies of this process in 

NaAr (see Appendix), it has been shovm that three-body molecular 

formation r.ates vary only slightly among the heavier molecules, such 

as Xe 2 and RbXe; therefore, our choice of tlic RbXe value does not 

significantly affect the validity of our conclusions. So, using 

Carrington and Gallagher's rate, the three body formation frequency 

8 —1 19 —3 

is found to be 'V 2 * 10 sec for [Xe] 5 ' 10 cm (''<2 atm. 
at room temperature) . 

Secondly, although radiative transitions arc normally not 

* 2 

allowed between the Cs (7 S) state and ground, the level is not 

^ 2 

mctastablc since it is optically connected to the Cs (6 P) levels 
through the 1.47 and 1.36p lines. To estimate the radiative life- 
times for these atomic transitions, note that the spontaneous 
radiation probability foi any allowed optical transition is given 
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^nm 


3 h 



(14) 


where is the frequency of the transition and n ] I m is lit* 

quantum mecluinical m.ilrix eJenu-nt discuss.eii earlier. Therol »»i c- , 
assuming the matrix element to ho rouj'hly constant lor S • I’ lim’s. 


original pages 

OF POOR QUALITY 


51 


then 


-3 


A 

^nm 


\ 


nm 


( 15 ) 


We may now apply this wavelength Uepeudcncc to the known transition 

probability of the Cs(8 -» 6 Pj^) 7609 X line whicli is given by Corliss 

30 7 ^-1^ 

and Bozman as 2.2 *10 see . Hence: 


1 . 36 ^ 

Similarly, 


7 r -7C. I -) 6-1 

~ 2.2 X 10 [f^J ~ 4 X 10 sec 


(16) 


7 r 76 M ® 

2.2 X 10 [fIV] ~ 3 X 10 see 


,A7fjL 

Therefore, ^ ^ ^ shown on Fig. 28. 

To evaluate the collision-induced atomic .fluorescence 

lifetime at high Xenon densities, the. absorption equation in con- 

2 2 

junction with the Cs(6 S -► 7 S) experimental .absorption data sho\<m 

17 -3 

earlier yield.*: 1 n»soc (at [Cs] a* 1.5 * 10 cm , 

19-3 

[Xe] a. 5 • 10 era ), wliicli clearly i.*: negligible with ri-spiM’t to 

the other destruction rates of interest. (Here, the atouiLc and 

molecular .sp.*etra HdlM were determineil 1 rom Fi}*. 23 to b.* • 60 .\) . 

Similarly, .. .* w.is round to he v 2 . 

(tfiXe) 7 b 
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Finally, Fii>. 28 also displays tliu estimated utiuulated 

2 * 

emission cross-section for the bound-free (Cs[7 S]Xc) ground 
excimer transition. From Eq. (A); 


a ( X) 



^ A N, g{X) 




(A) 


Then, 


SE 


g ( X ) 
N. 


(17) 


where * ground state CsXe density at and ~ 

At this point, it might be added that the calculation of the stimulated 

emission coefficient strongly depends on the shape of the CsXc 

potential energy level curves. Although t!«e repulsive ground stale 

31 , 11 

diagram has been measured accurately by crossad-beam and iJin)ie:;eeiu'i‘ 
experiments, only tlu'oretical preilietions are available for the boinul 
excited molecular stales. The upper stale shown in I’ip,. 28 is a 
nwdificalion of the llieoretical curve ct>miniled by I’asiale and 
Vandeplanque . For x'easons stated earlier, we: 1) di'ep»*t!ed the 

potential veil to *v 106?. cm ^ (they predicted a well dt‘pLh ol 
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'v AOO cm~^) and 2) shifted the potential mininuini from 4.2 to 4.5 X, 

where the ground state is only slightly repulsive (sec page 21; this 

modification is necessary to comply with the experimental results of 

Fig. 25). Using this value of R and setting 4R ■ 0.5 X, F.q. (7) 

min 

can be solved to determine the molecular ground state density to be 
[CsXe] 'V' 10^^ cra”^. Therefore, 10 cm^, which is of the 

same order of magnitude as cross-sections evaluated for other promisiag 
lasers.^® It is expected that die ground state density found above 
is a lower limit and so the actual value of Jg^. is possibly smaller 
than the value given. 

Incidentally, it is interesting to note that the 5723 X 

excimer continuum results from 1] -► I transitions of the excited 

molecule. To our knowledge, all of the dissociation lasers observed 

32 20 21 9 

to date, including XC 2 , Xe 0 ' ’ and Xe F , have lused solely on 
I -*• 1 transitions. This is perhaps significant since, as mentioned 
earlier, previous investigators have concentrated on utilizing the 
low lying P states to form the alkali-rare gas excimer state 
(=> II 1 transitions) . 

2 * 

Given the (Cs[7 S]Xc) excime-r .ibsorpt ion linewidtii and 
radiative lifetime presenlod aluive , one can readily deLeiraino the 
population inversion lU'Cessary to ublaiti lasing, I rom this luoK-cule. 

The gain ec|uation may bo expressed as: 



2 

X 

8 7T 


^spon 


g(;/ ) 


(Jd) 
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whc rc 


and 


are the molecular excited and {ground state population 
d;%nsitf&s, respectively, 

gy ^ arc the molecular excited and ground state degeneracies, 
respectively, 


g(v) is the absorption lineshape. 

Again, approxinujting the lineshape as the inverse of its linewidtli, 
Eq. (18) may be rawritten as: 


Nu- Nl 


8tt 


= Y 


To A I' 
spon 


(19) 


whc re 


and 




1 , 


Av = 6.41 • 10^^ sec"^ (-► 60 X) , 
A » 5.723 • lO"^ cm. 


T 'V 2 . 2 • 10 ^ sec . 
spon 

Thus, the 5723 X exciner transition will have a p.ain of for a 

13 -3 

population inVvTsi-on ol 10 cni . Tt> esl iniate the excited atomic 

and molecular dent:ilies necessary to produce tliis inversion, the 
. 2 * 

(Cs(7 S]Xe) molecular-aloiuic sysii-'n may be luotleled as sliowu in 

2 * 

Fig. 29. lle.ie, the (('s(7 S]Xe) molecular well is repres.eu l ed by a 
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* 2 

single level, separated from the Cs (7 S) state by AE *132 eV. 

Note that the excited atomic-molecular states are coupled by excimer 
destruction and formation collisions. In the analysis to follow, 
these rates are assumed to follow from thermodynamic equilibrium 
considerations. This is surely true as one approaches thresliold. 
Utilizing this simple model, tlic algebraic equations descril)ing the 
interrelation of the various particle densities may be expressed 
as follows. Given the ground state densities [Cs] and [Xc], then 
from Eq. (7), the CsXo ground state molecular population at a 
specified interatomic radius and radial interval AR is given by: 

[CsXe] “ 4 7rR„ [cs] [Xe] AR exp } (7) 

where AE (R^) - (»)j ^ ^ 

and T = gas temperature. 

Substituting R^ = 4.5 X, AR « 0.5 X (the values cliosen earlier to 
calculate o) and kT (600° k) ^ *05 eV into Eq. (7), the result is: 


P T “22 r I 


-3 

[CsXeJ = 1.27 X 10 [CsJ 

[xe] 

, cm. (20) 


Secondly, the molecul.ir exciti’d and p.roiiiid slate dcnsilies ar«‘ 
related throuj’.li Eq. (19): 



[csXe] 




13 -3 

I 0 cm 


( 21 ) 
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This relation yelds the thrcsiiold inversion necessary to obtain 

lasing. Tlie differential equation defscrlbing the time rate of 

* 

change of the excimer population, [CsXeJ , is given by: 


d[CsXe] 

dt 





( 22 ) 


where R, and R, are expressed in sec ^ and stimulated emission losses 
d f 

are assumed to be negligible. The steady-state solution of Eq. (22) 
is: 



(23) 


where '''4.5 * 10^ sec ^ << R., as will be shovnn later. 

MOLECULE d 

Since R. is extremely difficult to IsolcUe experimentally, chemical 

^ A 

kinetics may be employed to estimate the ratio * 

ll\e steady-state chemical reaction: 

Rh 

(CsXe) + Xe (Cs) + Xe + Xe 
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is characterized by the cqull Jhrium constant K(T) , (T 
turu), that is defined by: 


i'as teimicr.i- 


K(T) = 


[csXe] 


*■ 


[Csf [X.] 


(25) 


From statistical mechanics, Eq. (25) may be written as: 


CsXe 


[cs]*H 


Q* Q Q 
t r V e 


(26) 


where Q , Q , Q and Q arc the translational, rotationcTl, vibrational 
t V e 

is 

and electronic partition functions for the diatomic [CsXe] molecule. 
33 

It can be shown that 


[ 


m 


CsXe 


3 

2 .“ 


2 7T kT 


^Cs 


where m is the mass of the specified particle 


and 


Qg = exp { D / kT | 


-1 


U “ molecular di ssoc i al i on cnerp.y ■- 1062 cm lor tin 


9 * 

(Csl7 SJX.>) sL.ito 


Also, and may I'O aj)pn»xii!ialoil as: 


2 ‘) 


Qf - 


kT 

B 
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where 


and 


B 

I 



rotational constant 
moment of inertia. 


8 II^ 1 


» 


exp (- B/21) 

I - exp ( - Q/1 ) 


where 


0 


hh> 

2 Tik ’ 


u * i*' ia the molecular force constant and 

U is the reduced mass of the molecule) . 

As a result, Eq. (26) may be rc-expressed as: 



r 

/ ""csXe \ r 

1 - 27 t kT 



D_ 

kT 



From the periodic chart. 


m_ m„ 
Cs — Xe 


2.2 . 10-22 BrSE 


atom 


and setting 

XT ''' r_ + r„ 10 R, 

CsXe — Cs Xe — 

“3G 2 

then I may be shown to be 1.1 • 10 tvtti - cm . 

2 6 

Thus, the rotational constant B 5 • 10 joule 
Given a gas temperature of 600*' K, 


Q «-• 1.66 • 10 . 

r 


Also, since 


D “ 106? cm 


-1 


.132 eV, 


Q = c 
e 


1^/kT 


12.7/.. 


• (27) 


then 
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If 

then 


® + hl , , 

CsXe Cs Xc 

—28 3 

Q *= 6.65 • 10 cn. , 


_ 1 


n 


To find O , it is necessary to determine hw, where w w 

V 

33 _ -1 

p « reduced mass of tlie molecule. Yardley j'.ivcs hw “ 100 cm 


■k 

for the (NaXe) molecule. 


hw 


Therefore, 


Hence, hw 


CsXe 




hw 


NaXe 


NeiXe 

■^CsXe 


72 


3.25 * 10 


-23 


.2 • 10 


-22 


CsXe 
As a result. 


38.4 cm "^ => e *= 57.5 °K. 


Qv 


10.4 


and so 


-20 3 

Q Q Q Q = 1.46 * 10 cm . 
'<t ^r ^e 


^TOTAl. 

Substituting this result into Eq. (26) » we have: 


CsXe 


72 


[cs]* [xc] 


-20 3 

1.46 K 10 cm 


= .384 


(28) 


19 

At first glance, Eq . (28) is surpiising since for [Xe] 6.85 • 10 
cm , the exciteil atomic pointlaLion ^y.ee«.*ils th.'iL of Llie cxeinh i'. 
However, it. uunJt be remiMiibe roil tlml Liu* I r.iii:;lal ii*ii.il »lt.'n;;ily ol 
states" for the exoiled (b'sium stale it; lmi’,0. Thut; , Xenon 

d(.*nsi I ics are required for tlie cliemical react ion (E<i. (24)) to Lavoi 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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formation of the (CsXc) excltncr. One flaw of tlic incthod i>re!;enti*d 

above to determine is that Lq. (27) tends to over- 

[Cs]* [Xe] 

estlinuLe Q and Q for shallow molecular wells (D a few kT) . The 

'r V 

uncertainty introduced by this problem is, however, expected to be 
small . 

Finally, the total number of Cesium atoms in this system 
roust be conserved. 

Hence: 

*• *■ 

fcsl + ICsXe] + fcsXe] + [Cs] = fcs] (29) 

tJ LJ LJ LJ L J total 

where [Cs] . is the Cesium density corresponding to the gas 
TU 1 Ali 

temperature, T. 

Equations (20) , (21) , (28) and (29) may be solved simul- 

A ^ A 

tancously for the densities [Cs], [CsXe], [CsXe] and [Cs] : 


[c] = 


[cs] - ,o'’ { I + } 

L ■'TOTAL ^ [Xc] •* 


(30) 


I + 1.2 7 X 10^^ [xe] { 2 + } 

^ [Xf] ^ 


[csXe] - 1.27 X 10 ^ [c^] [xe] , cni^ < 


JJ) 
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[csXe] = [csXeJ 


13 -3 

10 cm 


(32) 


and 


[Cs] . 


19 


6.85 X 10 


[xe] 


{ I . 27 X lO^^cm^ [cs] [xe] h lo'^cm } . (33) 


If 2: 1*5 ■ 10^^ cm ^ and [Xe] » 5 • lO^^cm”^ arc sub- 

stituted into Eqs. (30) - (33), the results arc 

17 -3 

[Cs] 1-^7 • 10 cm , 

[CsXe] 2 : 9.3 • 10^^ cm“^, 

[CsXe] 2 9.43 • 10 cm""^ 

* 15 -3 

[Cs] 2l 1-29 • 10 cm 

One collisional process tliat has not been incorporated into 


and 


* * 

the atoniic-iiioiecular model is [Cs] - [Cs] collisional ionization 


Althouj’h the cross-section fur this: process is presumahiy larp.e 


34 


-15 2 * 

(> 10 cm ), the low [C.s] d»nn;ily c.j hail .i le<l ca;u:e:: tlih: less 
mechanism to be small compared to the atomic lavliative decay pro- 
cesses. Finally, it is sip.n i 1 leant ll»at tin* p, round .iiomic st.ili* 

•k 

density must be depleteci by 2% to obtain tlu> re«iuireil [C:;] 


populat ion . 
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To determine tlic fensiUillly of obtaining stimulated 

2 * 

emission from tlic (Cs[7 S)Xe) exciiner, it is desirable to calculate 

the critical fluorescence power. This is the power that must be 

2 * 

delivered to the gaseous medium for the (Cs[7 S]Xc) -> ground 
molecular transition band to be optically transparent (i.e., 
absorption * gain = 0). To calculate this power from the excited 
atomic and molecular densities, we have: 







(34) 


where v are the center frequencies of the atomic and molecular 
a,m 

fluorescence, respectively, and ^ arc the spontaneous radiative 

rates for the atomic and molecular transitions. 

Setting: hv = 2.3 eV (5395 X), 

a 

hv » 2.17 eV (5723 S) , 
m 

A »v 7.10^ sec 
a — ’ 

A ■ 4.5 * 10^ sec , 
m 

(CsJ* = 1.29 . 10^5 ci.r’^ 

and 


[CsXe]* 
power bocoiiici: 

19 

[Xe] « 5 • 10 
defined as tin* 
Ui'wever, onc»* s 


14-3 

9.4 3 * JO cm , then tlie criliiMi I Inoiv.seem i* 

3.46 kv.f/cm^, for [Os],,...,.,, - 1.5 • 10^^ cmi .ind 

lOIAI, 

cm Till’ critical I luurc.scence power may also he 

power Input uec»*ssary to .iLtain lasinp, thre!sln»ld. 
timul.itml emissiiui is initiated, l he imiid\ nani i* 


ORIGINAL PAGE IS 
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cqulllbrluni bcLwcen the [CsXc ] atul [Cs] populaLlons i» <J«!«Lroyod 
and so any additional power delivered to the [Cs] - [CsXe] system 
will be converted to stimulated enii::fiion ener{;y. It is also im- 
portant to note that the value of computed al)ove depends on tlie 
excimer potential enorgy curves, which have not l)cen verified ex- 
perimentally. 

The dependence of tlie critical fluorescence power density 

on Xenon pressure for a fixed Cesium density is displayed in Tig. 30. 

A distinct minimum of the required input energy occurs at [Xe] 

19 -3 

3 * 10 cm . This minima is to be expected due to the following 

competing effects: 1) rises at low pressures since, in this 

regime, the equilibrium condition (liq. 23) favors the formation of 

the (Cs) excited atom (rather than the excimer) , and 2) again cliiiibs 

steeply at increasing [Xe] since [CsXe] and hence, [CsXe] (implies 

larger threshold power), varies directly with the Xenon density. 

2 * 2 

Thus, for the (Cs[7 S]Xe) ->• (Cs[6 S]Xe) excimer continuum, 

laser gain is expected for small inversion densities. In addition, 

this excimer state is characterized by: 1) a liigh sliuitiJated 

3 7 2 

emission cross-section, vi 10 cm /excited moJi*cu!e; 2) a 
relatively lonj; radiative lilelime (2 ;sec) a*: coiiipared to the 
alkali-rare gas I! siales and 3) cxeiim-r gioimJ X ► X tian: ilieus 
that are conmion to the ilic.ja'c lat iou laser.*; 1 euiul to dale. I’iii.illy, 

3 

the power inpnt/cm to reach i.»st*r ihre.*;hi'ld i.*. well within Lite g.i asp 
of present c\pi*r i men t a I lechn iqui-s. Thesi* eharac l <> i L::l i cs qtiality 


ORIGINAL PAGE 13 
OF POOR quality 



, ( kw/cm ) 


(Cs[7S]Xe) SYSTEM, 

CRITICAL FLUORESCENCE 
POWER VERSUS .^Xel , 

L J 

[Cs] -- 2 X 10 cm 


[xc] , (cm ) 


Variation of the Critical Fluorescence Power as a func 
of Che Xenon perturber density. 
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^2 1 

the Cb (7 S) - Xc( S) atomic-molccuIar syt:Lem au one of the roost 
attractive putentlal dissoc j.atlon laser ror>lecu]es uadi*r invest 


at present. 
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IV. CONCLUSIONS AND SUGCliSTFONS FOR FUKTIILR WORK 

By measuring the absorption and emission continua of various 

states in tiie Cesium- Xenon molecuJe, tlic eolllsional rates critical 

in populating tlie alkali-rare gas excimer levels have been entinkated. 

In contrast to previous investigations of this molecule, Cs-atomic 

states that arc weakly optically connected to ground have been 

studied and have been shown to form excimer levels that are attractive 

as potential dissociation lasers. Due to the long spontaneous 

radiative lifetimes of these Cesium atomic states, the excimer 

2 

formation rate, kj[Xe] , dominates excited atomic radiative losses 

19 -3 

for Xenon gas densities in excess of 10 cm 

2 * 

In particular, the (Cs[7 S]Xe) excited twlecule appears 

promising as a source of high energy laser radiation due to its 

large dissociation energy, stimulated emission cross-section, and 

small population inversion densities. 

Significant gaps in our knowledge of the physical properties 

of these molecules renunin, however. Further investigation iule. the 

potential energy profiles, dissociation energies 'and colMsional dt> - 

activation rales of tlie alkali-raie g.a.s exeimers is necessary. For 

o ? 2 

ex.imi»le, by optic.illy pumping Llie A Cs(0‘.S • b l>^ ) t raip: i t i imi 

u.sing the lle-tM -t'lIG J.isei' liiu’ in tlie pri-seno' ol Xeiiou, ueniloi- 

ing ! he r»-sultiug I 1 uo!i*:;cence would pii)vide .i »liiect i:ii*ans ol 

2 * 

measuriug, Liu* well lU-plh tin* ((!r. [0 '0 ) Xe) moh*eulai slal«*s. 
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Also, as more informaLiou conccrniiitj Liio strucLiirc of tlics«> cxcimers 

becomes avall.nblc, detailed modeling of pt»LeuLial laser systems, 

such as the one discussed here, would be desirable. 

in order to produce lasing in these r.ystems, flashlamp 

pumping ought to be pursued. Careful gain measui'ements of the 

gaseous medium conducted for various lamp currents. Cesium and Xenon 

densities v;ould provide valuable insight into the feasibility of 

2 * 

obtaining stimulated emission from the (Csf7 SjXe) excimer. 

Finally, although not mentioned earlier, while measuring 
the absorption spectra of the CsXe molecule, the absorption of Cs^ 
molecules was simultaneously monitored. It was surprising to dis- 
cover that the Cs^ C band (6200-6400 K) absorption profile changed 
drastically with increasing Xenon pressure as sliown in Fig. 31. 
Clearly, dominant absorption at large Xenon densities is centered 
around 'v 6380 X as opposed to 6300 ^ for lower perturber pri-ssures . ^ ^ 
Studies of the collisionol mechanisms responsible for this phenonK'non 


would be valuable. 



Cs^ X-C BAND 
Af350RPT10N , 


T - 600 °l< 

r 1 17-3 

[CsJ ~ 10 cm 



elwo " '””g-ioo ggoo 

X , (A) 


I'ir.- "• 


1’^ ^ ‘*1 0: 
pi :;li<'viiip. 

XiMU'ii pri’ssuri’s . 


X ' C 1 "I- v.n i r.iu-- 

•’.l.M.i pt ion :.L 'V (. iMU X lof 10 p.ii 


origin Ali 
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